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Improving atmospheric CO2 retrievals using line mixing and speed-
dependence when fitting high-resolution ground-based solar spectra
Abstract
A quadratic speed-dependent Voigt spectral line shape with line mixing (qSDV + LM) has been included in
atmospheric trace-gas retrievals to improve the accuracy of the calculated CO2 absorption coefficients. CO2
laboratory spectra were used to validate absorption coefficient calculations for three bands: the strong 20013
← 00001 band centered at 4850 cm−1, and the weak 30013 ← 00001 and 30012 ← 00001 bands centered at
6220 cm−1 and 6340 cm−1 respectively, and referred to below as bands 1 and 2. Several different line lists
were tested. Laboratory spectra were best reproduced for the strong CO2 band when using HITRAN 2008
spectroscopic data with air-broadened widths divided by 0.985, self-broadened widths divided by 0.978, line
mixing coefficients calculated using the exponential power gap (EPG) law, and a speed-dependent parameter
of 0.11 used for all lines. For the weak CO2 bands, laboratory spectra were best reproduced using
spectroscopic parameters from the studies by Devi et al. in 2007 coupled with line mixing coefficients
calculated using the EPG law. A total of 132,598 high-resolution ground-based solar absorption spectra were
fitted using qSDV + LM to calculate CO2 absorption coefficients and compared to fits that used the Voigt line
shape. For the strong CO2 band, the average root mean square (RMS) residual is 0.49 ± 0.22% when using
qSDV + LM to calculate the absorption coefficients. This is an improvement over the results with the Voigt
line shape, which had an average RMS residual of 0.60 ± 0.21%. When using the qSDV + LM to fit the two
weak CO2 bands, the average RMS residual is 0.47 ± 0.19% and 0.51 ± 0.20% for bands 1 and 2, respectively.
These values are identical to those obtained with the Voigt line shape. Finally, we find that using the qSDV +
LM decreases the airmass dependence of the column averaged dry air mole fraction of CO2 retrieved from the
strong and both weak CO2 bands when compared to the retrievals obtained using the Voigt line shape.
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∙ ∙ ∙   (1)
where   is the absorption coefficient at a given frequency  ,    is a column vector of the transition 






































where   is the intensity of spectral line, ,   is the pressure shift and   is the line mixing coefficient. 
The latter is calculated using [17]: 
  2∑ ,  (7)
and the Lorentz width, 	 , varies according to the equation: 
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where  ,  , and   are the coefficients for line   determined by fitting a quadratic line to the   
data. The coefficients  ,  , and   are then stored in a list with the other spectroscopic parameters for 
line   so that   can be easily calculated using Eq. 13. However, the calculated   will be different 
for collisions of CO2 with air, it self and H2O. To adequately take into account all types of collisions, the 
total line mixing coefficient   for a given line will be calculated using: 
  . . .    (14)




















































































































































































  ⁄ ∗ 0.2095  (15)








































































































































































































































































































































































































y = 0.0025*x2 + 0.00071*x - 0.00029
Calculated line mixing coefficient
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Figure 11:  Same as Figure 7 except RMS residual is for the weak CO2 band 1.   
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Figure 12: Same as Figure 7 except RMS is for the weak CO2 band 2.   
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Figure 13: Same as Figure 8 except XCO2 is calculated using CO2 column retrieved from the weak CO2 
bands.   
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Figure 14: Correlations between the VSF retrieved using the weak CO2 bands with the absorption 
coefficient calculated using: (a) the Voigt spectral line shape, (b) the qSDV+LM line shape. 
